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INTRODUCTION 
In recent years, field welding has been applied to the buttjoints offlange plates and web 
plates on girder bridges in Japan. Up until now, radiographic testing has been applied for 
inspections ofweldedjoints. Considering the advantages ofultrasonic testing, such as being less 
time consuming and dangerous, ultrasonic testing will be used instead ofradiographic testing. 
Various types ofwelded defects, such as blow holes, slag inclusions, hot cracks, Iack of 
fusions and Iack of penetrations may occur in welded joints. The authors have shown that hot 
cracks are one ofthe most difficult defects to detect by means ofultrasonic testing with the one 
probe technique[l]. One ofthe reasons for this problem isthat hot cracks have plane configuration 
that has directivity for incident waves. The tip echo method may provide a means for catching 
scattered waves at the probe. 
TEST SPECIMEN AND CHARACTERISTICS OF ECHO HEIGHT 
The Ieft side of figure I shows a sketch of a field-welded jointofflange and web plates, 
and the right side of figure I is the test specimen used in this study. This is a model of a welded 
joint of a flange on a plate girder bridge. The specimen consists of two plates with a thickness of 
60 mm and 80 mm. In the process ofwelding, some welding defects were made in advance. The 
locations ofthose defects arealso shown in figure I. 
Review ofProgress in Quantitative Nondestructive Evaluation, Vol. 16 
Edited by D.O. Thompson and D.E. Chimenti, Plenum Press, New York, 1997 1183 
pl;m 
-------------------« -- floor y tcm 
hol crack 
objcct 
to bc inspccted ) ·: Iack of fusion 
300 300 
elevalion 
1es1 • urface 
60, _____________ \2_ 
- 1:5 
JOD 
Figure I. Test specimen. 
Hotcracksand Iack offusion were examined in this study. Figure 2 shows the hot crack 
and the Iack offusion and where these defects exist in the section. First, characteristics oftip echo 
height from the defect were investigated. Pulse waves of2 MHz and 5 MHz were transmitted to 
the specimen. Figure 3 represents curves for dividing pulse amplitude. Tip echo heights from the 
hot crack in case of 5 MHz and 2 MHzare located on the L/2-line and slightly above the L/2-line 
respectively. Tip echo heights from Iack of fusion in case of 5 MHz and 2 MHzare located 
.)0(1 
slightly below the L-line and between the L-line and the M-line respectively. From this experiment, 
it can be said that the echo Ievel ofthe 2 MHzpulseis higher than that ofthe 5 MHz pulse. 
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Figure 2. Cross section with (a) hot crack (b) and Iack offusion, 
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Figure 3. Echo height from defects of pulse of (a) 5 MHz and (b) 2 MHz, 
However, it is still necessary to improve the signal to noise ratio of tip echo. In order to do that, we 
changed and examined the frequency, type ofwave and other conditions ofthe transmitted wave. 
APPLICATION OF BURST WA VES 
In this study, burst waves are applied in order to improve the signal to noise ratio of tip 
echo. By changing the duration of pulse signal, the number of burst waves can be changed. To find 
suitable transmitted wave for the specimen, several types of burst waves of 0.5, I ,2,3,4 and 5 
cycles were transmitted. Figure 4-(a) shows an A-scan display when 2 cycle burst wave of 5MHz 
is transmitted to a hot crack, and Figure 4-(c) shows a zoom display at the gate marker. Figure 4-
(b) shows an A-scan display when 2 cycle burst wave of 2 MHz is transm itted, and figure 4-( d) is 
its zoom display at the gate marker. lt is noticeable that flaw echo can be observed in case of 
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Figure 4. A-scan display of a hot crack (a) 2 cycle burst wave of 5 MHz and (b) 2 MHz and zoom 
display at gate marker in case of ( c) 5 MHz and ( d) 2 MHz. 
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Figure 5. Maximum flaw echo height and the numher of cyc!es of burst wave obtained by (a) 
experiment and (h) numerical simulation and (c) the model and (d) vector diagram when 2 cycle 
burst wave is Iransmitted to the sl it . 
2 MHz. On the other band, flaw echo can hardly be recognized in case of 5 MHz. As a tendency in 
this experiment, echo height of 2 MHz is high er than that of 5 MHz. Moreover, when 2 MHz burst 
waves of 2 or more than 2 cycles are transmitted, the maximum echo heights are ahnost the same. 
Figure 5-(a) represents the relationship between maximum flaw echo height and the number of 
cycles of hurst waves obtained in the experiment. The gain of -1 3 dB is M-line Ievel. The tip 
echo height was improved. In order to verify this, we carried out the numerical simulation shown 
in figure 5-(b). Figure 5-(c) is a model ofweldedjoint. Finiteelement ana lyses were done, 
changing the number of cycles of inc ident waves. Inc ident waves go toward the lower tip of the 
slit as shown in figure 5-(d). Figure 5-(h) shows the re lationship between maximum flaw echo 
height and the number of cycles of hurst wave ohtained hy numerical s imulation. Oscillation 
becomes more stahle according as the number of cycles of wave increases , The amplitude are 
a!Jnost the same in the case of 2 or more cycles. 2 cycle hurst waves of 2 MHz are selected to 
inspect bot crack . 
SYNTHETIC APERTURE FOCUSING TECHNIQU E 
We applied the synthetic aperture focusing technique in order to inspect hat cracks[2] . 
Figure 6 shows the experimental setup. The direction of scanning is vertical to weld ing direction 
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Figure 7. Beam spread. 
and the scanning pitch is l mm. The angle beam technique and contact method was applied. The 
angle of refraction was 45° . The transmitted wave is 2 MHz 2 burst waves decided from the 
experiments above mentioned. An encoder is attached to the probe. The shape ofthe received 
wave and the position of probe are stored in the ultrasonic flaw detector. 
Figure 7 shows a model of the so und field. Sound beams spread according as the increase 
in the distance from the transducer. When synthetic aperture is applied as the angle beam 
technique, it is useful to consider multiple paths from transducer to the reflector in the sound 
field[3]. The angle of beam spread B is written as equation (I). 
sinB=k3_ 
D 
(1) 
Where D is the diameter ofthe transducer. A is the wave length. k is a constant. In this case, D 
is equal to 0.5 inch. A. is equal to 1.6 mm. k is equal to 1.2. e is equal to 8.8 ° . 
In this study, as shown in figure 8, four types of paths are taken into account to 
reconstruct an image ofthe hot crack. Path I is a direct path. Transmitted waves go to reflector 
and back to the probe directly. Path 2 is a corner path. Transmitted waves are reflected at the 
bottom before reaching the reflector and are reflected once again before returning to the probe. 
Path 3 is a reflected path. Transmitted waves are reflected before they reach the reflector and 
return to the probe directly. Path 4 is its reverse. 
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Supposing there is a reflector in a plate ofthickness t as shown in figure 9, distance from 
the probe to the reflector in the y -direction would be h , and distance from the probe to the 
reflector in the x -direction would be a . Length of path 1 L1 is written as equation-(2). Length of 
path 2, 3 and 4 are written as equations (3) and (4) respectively. H(x,y) is the reflection Ievel at 
(x,y) and Superposition of r (x,y) which is wave amplitude obtained by the probe at (x, ,y0 ) . 
L1 = J h 2 + a 2 x 2 
L2 =~(2t-h)2 +a2 x2 
L3 = L4 = ( J h2 + a 2 + ~.-(2_t ___ h...,..)-2 _+_a_2 ) 
(2) 
(3) 
(4) 
II II II 11 
H(x,y)= :Lr(x,,y0 ,L1 1c)+ :Lr(x,,y0 ,L2 1c)+ l.:r(x,,y0 ,L3 1c)+ :Lr(x,,y0 ,L4 1c) 
!=I 1=1 1=1 1=1 
------ (5) 
Figure 10 shows a reconstruction area. The width of the area is the same as the width of the plate 
and the height ofthe area is almost the same as the thickness ofthe plate. Actually, the position of 
reflector is unknown. Meshes are made in the reconstruction area. The size of mesh is 0.2 mm. For 
each mesh point (x ,y) , length of path 1, path 2, path 3 and path 4 are calculated. After that, 
H(x,y) is calculated from the above equations (2)-(5). 
a 
X 
Figure 9. Calculation of reflection height. 
1188 
u 
bead \] 
'-' 
-e 
:::> 
--
"' c;; 
~ 
~ E 0 .;:: u u c: 
"' 
.E 
"0 
"' 
"' u
c: 
~ 
<J 
~ 
mesh size 
the centcr 
of bead 0·2mm 
Figure I 0. Area to reconstruct . 
' 0 
(.1) 
p.llh 
_u .Jo 
lli~tancc frnmthc cc111cr ., r hc.L<I(nun) 
() I lthrc;,JmhJ=.-0'1 
.:; 
~ 10 
"· 
"' :::! 
E 
.S 6oi <> 
~ 
.;; po~thl<+:l I 
'-1!.4o -20 o 2u -io 
di,tancc [rmn thc ccn tcr n l hcad(mn ) 
(h) 
...S~oo 
1J 
;.! 
~ 
p.tth +2 
-::u () 20 40 
u l\l.mcc lrumlhc ccnh:r n[ bc.td(mm) 
0 
(d) 
.I 
'J!~o -2o o 20 -10 
h'wncc frnmthc ccnlcr ll hc.td(mm) 
Figure II. Reconstructed images by considering (a) path I (b) path 1 and 2 (c) path 1,2 and 3 (d) 
path I ,2,3 and 4 
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RECONSTRUCTEDINU\GE 
Figure 11-(a) is an image ofthe hot crack obtained by considering path 1 only. Figure 11-
(b) is an image obtained by considering paths I and 2. The image is due to the echo from the weid 
toe on the right side. Figure 11-(c) is obtained by considering paths 1, 2 and 3. Figure 11-(d) is 
obtained by considering all the paths. By considering paths 3 and 4, the image in the bead appears 
more clearly. From the result offigure 11-(d), the source ofthe tip echo is located 10.5 mm from 
the bottom. The specimen was cut after the experiment. The crack tip is actually located 6 mm 
from the bottom. The difference is 4.5 mm. Though there is a difference in the length ofthe crack, 
the position was predicted quite weil. 
CONCLUSION 
In this paper, experiments were conducted with a test specimen consisting of field welded 
butt joints containing several types of defects. First, pulse waves of 2 MHz and 5 MHz were 
transmitted to two ofthe defects, a hot crack and a Iack offusion. The heights ofthe tip echo from 
the defects were very low. Some types ofburst waves were transmitted to improve signal to noise 
ratio. 2 MHzhurst waves were better than 5 MHzhurst waves in terms ofthe characteristics ofthe 
tip echo heights. The echo Ievel rose as the nurober of cycles the hurst waves was increased. It was 
observed both through the experiments and numerical simulation that echo height from the defect 
was almost the same by transmitting hurst waves of two or more cycles. By using 2 cycle 2 MHz 
hurst waves, an image ofthe hot crack could be reconstructed by the synthetic aperture focusing 
technique considering four paths. It is useful to consider the influence of reflected paths in 
obtaining images of defects. 
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